Introduction

24
In the Middle East, many types of vegetables are eaten raw in salads or used as garnishes in Kisluk et al., 2012) . Norovirus is also among the pathogens of 37 greatest concern that are associated with fresh produce outbreaks (Todd & Greig, 2015) and the regions. Throughout the farm to fork continuum, fresh produce is subjected to numerous 57 opportunities for microbial contamination due to a range of handling, processing, storage and 58 transportation activities which in the event of unfavorable conditions may lead to the presence of 59 microbial hazards (Gil et al., 2015) .
60
Water is recognized as one of the most important vectors of enteric human pathogens on 61 vegetable crops (Park et al., 2012) , This is exacerbated by the fact that water scarcity impacts the 62 quality of the water used for irrigation coming from uncertain sources which may harbor The study was planned to obtain samples from different points of the chain to reflect the farm-99 to-retail contamination and microbial growth potential. Table 1 shows samples distribution across different sampling locations.
100
101
Samples of lettuce, parsley and radish (n=90) were collected in July-August 2013 and July 2014, samples from water streams) were collected in polystyrene sterile bottles/cup. We noted in our 107 on-farm assessment survey that non-potable river water was used for irrigation and post-harvest 108 washing. However, when water sources declined in the summer, farmers were forced to use 109 private wells for irrigation and filling the washing ponds. In two of the farms, sewage water was 110 used both as irrigation and nutrient fertilizer for economic reasons.
111
Samples were placed in insulated coolers with ice-packs and transported 135 km to the 112 laboratory the same day. Logistically it was not feasible to process all the food samples on the 113 same day, and these were stored in freezers at -18ºC to be analysed on subsequent days, whereas 114 the water samples were analysed that day. duplicates on appropriate media. APC were enumerated on plate-count agar at 37ºC for 48 hours.
140
As for E. coli and TC, 1 ml from each decimal dilution was dispensed into petri dishes for 
Results
178
The Microbiological quality of fresh produce 179
Overall, the APC ranged from a geometric mean of 3.50 to 8.39 log CFU/g (Table 2) , with 180 parsley and radishes having the highest levels ( washing water, TC = total coliforms, APC = total plate counts.
193
a minimum detection limit of 0.7 log CFU/g was included in statistical analysis in the event of no visual growth.
194
Similar superscript letters above the means in the same column indicate significant difference at p<0.05. 
195
Comparative analysis of sanitation and hygienic handling indicators on raw vegetables
196 from the fields to the whole sale market
197
To identify the critical risk factors along the fresh produce supply chain, a comparative analysis of 198 the bacterial loads on raw vegetables across the interrelated sampling locations was performed.
199
The flow diagram of leafy greens and radish supply chain and identified risk factors is presented 
Microbiological quality of irrigation and wash water 229
The mean count of E. coli in wells water and wash water samples ranged from <0.7 -135
230
CFU/100 ml and 15-140 CFU/100 ml, respectively ( pathogen of concern that can reach consumers phase in some developing countries.
292
The variations of microbial population throughout the supply chain were in parallel with 293 previous studies that reported identical levels of APC in the production and retail levels (Chau et (replenishment with fresh water supply was based on a subjective visual degree of turbidity).
329
High turbidity levels are often associated with higher levels of pathogenic organisms (U.S.EPA., 
406
Some farms rely on sewage directed into irrigation pools or streams 
